INTRODUCTION
The importance of agriculture to all human societies is characterized more than ever, with the increasing world population. The first and most important need of every human need to access the food, and food supply for humans is associated with agriculture either directly or indirectly. The world's population will grow to an estimated 8 billion people by 2025 and 9 billion by 2050, and it is widely recognized that global agricultural general refers to Fe, Zn, Se, me, Cu, CA and Mg (Zhao and McGrath, 2009 ), among them Zinc (Zn) deficiency is more widespread next to Iron, Vitamin A and Iodine. WHO reported that Zn deficiency stands fifth risk factor in causing diseases among children in the developing countries. Based on analysis of diet composition and nutritional needs, it has been estimated that 49per cent of the world's population (equivalent to 3 billion) is at risk of suffering from Zn deficiency.
Until the recent times, soil fertilization was the only way to meet the mineral requirement of crop plants. However, several problems exist like need for large quantity of fertilizer, fixation in soil and slow uptake by plants.
Zn has a specific physiological functions in all living systems, such as i) maintenance of structural and functional integrity of biological membranes, ii) as a cofactor for more than 300 enzymes, iii) detoxification of highly toxic oxygen free radicals iv) contribution to protein synthesis and gene expression under normal and stress conditions etc. Among all metals, Zn is needed by the largest number of proteins, at least 2800 proteins are Zn dependent and make up nearly 10 per cent proteomes in eukaryotes, Zn has a vital role in several body functions such as vision, taste perception, cognition, cell reproduction, growth and immunity, resistance to some infectious diseases such as diarrhoea (Black., 1998) and immunity, (Shankar and Prasad., 1998) .
Most of the Indian soils are found to be Zn deficiency; hence the food crops grown in these soils contain less amount of Zn in food. There has been a significant genetic variability to maintain growth and yield under Zn deficient conditions among crop species (Hacisalihoglu et al., 2003a) . Significant variation across crop species and genotypes exists in their ability to Zn uptake, their sequestration and ability to transport to edible parts.
In order to overcome Zn disorder, several strategies are being employed, including supplementation, fortification, diversification and beautification. Among these strategies biofortification of food crops with Zn is considered to be cheaper and sustainable. The simplest of these techniques to increase Zn content of plants is through the addition of appropriate mineral as an inorganic compound to the fertilizer. This method has been successful in many instances, but depends on the crop species, cultivar, the mineral itself, quality and properties of the soil, making the strategy difficult to apply generally.
The major advantages of this method are, it is simple, relatively inexpensive and enhancement can be achieved very rapidly.
However, Zn being heavy metal, indiscriminate application of Zn fertilizers to soil after years will lead to accumulation in soil to the levels toxic to the plants. With the current emphasis on Zn in agriculture, care should be taken not to get overzealous with Zn applications. Therefore, an efficient mechanism to reduce the amount of Zn fertilizer application to soil/ floor without compromising the plant growth and yield is very essential. Hence, in recent years the application of nano scale particle of Zn is being preferred to enhance agronomic effectiveness of Zn fertilizers. Now, after years of green revolution and decline in the ratio of agricultural products to world population growth, it is obvious that there is necessity of employing new technologies in the agriculture industry more than ever. Modern technologies, such as bio and nanotechnologies can play an important role in increasing production and improving the quality of food produced by farmers. Many believe that modern technologies will secure growing world food needs as well as deliver a huge range of environmental, health and economic advantages (Wheeler, 2005) . Nanotechnology is one of the www.tjprc.org editor@tjprc.org most important tools in modern agriculture, and Agri-food nanotechnology is anticipated to become a driving economic force in the near future. Nanoagriculture focuses currently on target farming that involves the use of nanosized particles with unique properties to boost crop and livestock productivity. The development of nano materials could open up the novel applications in plant biotechnology and soil science. It is anticipated that, very soon, the industrial production of manufactured nano particles will be increased by manifold and released into the market. However, with significant potential benefits, there are considerable uncertainties with regards to potential risks to the environment and human health that needs to be clarified.
The current situation in nanotechnology is one, in which, there is great potential for benefit, but an equally high 
MATERIALS AND METHODS

Preparation of Particle Suspension
Chelated bulk ZnSO 4 was used as a reference Zn source, the materials were suspended directly in deionised water and dispersed by ultrasonic vibration (100 W, 40 KHz) for 30 min. Different concentrations (0, 100, 200, 400, 800, 1000, 1500, 2000 ppm) of solutions were prepared. Magnetic bars were placed in the suspensions for stirring to avoid aggregation of the particles. The nano scale suspensions as expected, appeared as clear solutions. The pH of all the prepared suspensions was found to be 6.8-7.0. A control was also maintained, corresponding to pure water.
Standardization of Zn Concentration for Seed Priming
Tomato seeds were treated with 100ml of Zn solutions /suspensions of granular ZnSO 4 and ZnO NPs for three hours. After inhibition, seeds were thoroughly washed under running water and allowed for germination. Then, the 10 seeds were placed in each petri dish (100 mm x15 mm) with a single layer of sterilized filter paper and 5 ml of water was added (as per the recommendations of the International Seed Testing Association, 1976). Then, germination percentage, root length, shoot length were recorded using the values. Seedling Vigor Index was calculated by using the formula described by Abdul-Baki and Anderson (1973).
Seed Vigor Index = Germination per cent × (root length + shoot length)
Field Experimentation
An experiment was conducted in the field of Department of Crop Physiology, UAS, GKVK. The experiment was conducted with three different treatments based on the method of application of Zn sources, such as only seed priming, 
Yield and Estimation of Zinc
Yield per plant (gm) was recorded. Zinc content was analyzed in different plant parts like leaf, root and fruit by using Inductively Coupled Plasma -Optical Emission Spectrometer (ICP-OES).
RESULTS
Standardization of Zn Concentration for Seed Priming
Tomato seeds responded variably towards the treatment at various concentrations of both bulk ZnSO 4 and nanoscale ZnO particles. Seed treated with 400ppm Nano ZnO recorded significant germination (93.33 %) and Seedling
Vigor Index (919.80). The results from the bulk ZnSO4 treated seeds were not promising (Table 1) . Among the different nano scale ZnO concentrations, 400ppm showed the maximum and increased concentration, but showed a decreased seedling vigor index
Field Experiment
The observations recorded at 45 DAS reveals the promotory effect of nano scale ZnO. The result shows that there is a significant difference between both the Zn sources and also the method of application. The high root length was observed in nano ZnO T 2 (46.07cm) treatment followed by nano ZnO T 3 (36.80 cm). In ZnSO 4, all the treatments had comparatively less root length than nano ZnO. But all the Zn treated plants showed significantly highest root length www.tjprc.org editor@tjprc.org compared to control (26.10 cm). ZnO NPs at all the methods of application proved to be effective in improving both root length and root dry weight, it is represented in Table 2 . These results confirmed that the physiological effects were related to the nanometer sized particles. 
Yield and Zn Content
The results revealed that the response of tomato to nanoscale ZnO was highly significant. In comparison with granular zinc sulphates and method of application, ZnO NPs with Seed Priming + Foliar spray recorded the highest yield with highest Zn accumulation in fruit (6.93mg/100gm), leaf (6.87mg/100gm) and root (3.67mg/100gm). 
DISCUSSIONS
Nano particles (NPs) with small size and large surface area are expected to be the ideal material for use as a Zn fertilizer in plants. Currently, the use of nano materials has been expanded in every field of science, including agriculture.
It has been stated that, application of micronutrient fertilizers in the form of NPs is an important route to release the www.tjprc.org editor@tjprc.org required nutrients gradually, and in a controlled way, which is essential to mitigate the problems of fertilizer pollutions (Naderi and Abedi, 2012) . It is because of that, when materials are transformed to a nano, they change their physical, chemical and biological characteristics, as well as catalytic properties, and even more increase the chemical and biological activities (Mazaherinia et al., 2010) . The micronutrients in the form of NPs can be used in crop production to increase yield (Reynolds, 2002) .
Recently it has been studied that nanoZnO have positive impact on germination, growth and yield of peanut (Prasad et al., 2012) . However, soil application of 10 kg /ha ZnSO 4 during sowing gave a yield on par with control plants without ZnSO 4 application. This indicates that groundnut responds to foliar spray but not to soil application (Channabasavanna and Setty, 1993) . The effectiveness of various synthetic and natural chelates has been widely investigated (Alvarez and Gonzalez, 2006; Gonzalez et al., 2007; Prasad and Sinha, 1981) . Apart from their effectiveness, application of the chalets is generally expensive and may result in potential leaching risk, because, the more mobile the chelate, or the less biodegradable the carrier, the greater is the risk of leaching (Gonzalez et al., 2007) . Zinc sulphate, which is highly soluble, can easily be taken up by plants, but is known to fall off quickly. The retention time in the plant system is low. So, the bioavailability of nutrients for long period was not sure with the use of ZnSO 4 . If the plants are soft or sensitive and, if the conditions are harsh like high temperatures, ZnSO 4 has a large salt index, which may burn the plant. Moreover, the zinc content in the
